Summary: A 5-month-old girl was diagnosed with Langerhans cell histiocytosis and received unrelated umbilical cord blood transplantation at the age of 14 months. After cord blood transplantation, CD4
H uman parvovirus B19 (B19) is a nonenveloped, 5.5 kb, single-strand DNA virus. The virus has 2 major open reading frames, one encoding the nonstructural protein, nonstructural (NS) 1, and the other encoding the capsid proteins, viral protein (VP) 1 and VP2. 1 Three B19 genotypes (1, 2, and 3) have been described. Genotypes 2 and 3 are genetically distant from genotype 1 with nucleotide divergence of >11%. 1 Genotypes 2 and 3 are infrequently detected in clinical specimens, but the frequency was shown to be much higher in 1 prospective study. The true prevalence and clinical relevance of these differences are not fully known. In addition to causing erythema infectiosum, the B19 virus also causes arthropathy in adults, particularly in middle-aged women, aplastic crisis in patients with hemolytic anemia, chronic hypoplastic anemia in immunocompromised hosts, and fetal hydrops as a result of infection during pregnancy. 2 It has also been associated with autoimmune diseases including rheumatoid arthritis and systemic lupus erythematosus. 3 In general, infection is transient in immunocompetent patients; however, persistent infection has been reported in immunocompromised patients such as those with human immunodeficiency virus (HIV). 4 The B19 virus is a rare cause of posttransplant viral infection, 5 and there have been a few reports of persistent infections after stem cell transplantation. 6 We report a case of persistent infections with B19 virus in a patient who developed persistent CD4 + lymphocytopenia after cord blood transplantation (CBT) for Langerhans cell histiocytosis. We studied longitudinal changes in viral DNA load and genetic changes of B19 during the course of these persistent infections.
MATERIALS AND METHODS
EDTA-treated peripheral blood was prospectively collected after transplantation for routine blood examinations and to monitor for Epstein-Barr virus, cytomegalovirus, and human herpesvirus 6 DNA until discharge. After discharge, blood samples were obtained at each patient visit for routine blood examinations. When the patient showed hemolytic anemia or after B19 DNA became positive in whole blood samples, B19 DNA was also measured. A biopsy specimen from a circumanal ulcer was also obtained when Crohn disease was suspected. DNA was extracted from 200 mL of whole blood and biopsy tissue using QIAamp blood kits (Qiagen, Hilden, Germany) and TaKaRa DEXPAT (Takara, Ohtsu, Shiga, Japan), respectively. Real-time quantitative polymerase chain reaction assay for B19 was performed as described previously. 7, 8 For genetic analysis of B19, 2 B19 viremic samples at different time points of persistent B19 infection were analyzed by DNA sequencing as described previously. 9 The primers were used for sequencing the NS1/VP1/VP2 regions. Then, B19 sequences were aligned using Clustal W (http://clustalw.ddbj.nig.ac.jp/top-j.html) for genotypic analysis. Genetic distances were calculated using the Kimura 2-parameter method, 10 and phylogenetic trees were constructed by the neighbor-joining method. 11 Results of phylogenetic trees were visualized using TreeExplorer software version 2.12 (http://www.ctu.edu.vn/Bdvxe/ Bioinformatic/Software/BIT%20Software/TE_man.html). Prototype B19 sequences from GenBank were used as reference sequences (accession numbers were as follows: genotype 1,
The protocol of this study was approved by the Nagoya University Institutional Review Board, and written informed consent was obtained from the parents of the patient.
CASE REPORT
A 5-month-old girl was diagnosed with multisystem Langerhans cell histiocytosis. Although she received 2 courses of DAL HX-83 induction therapy, which includes prednisone, vinblastine, and etoposide, her disease did not improve. She received unrelated umbilical CBT at 14 months of age (April 2001). The conditioning regimen consisted of cyclophosphamide (60 mg/kg) on days À 4 and À3; antithymocyte globulin (2.5 mg/kg) on days À 5, À 4, À 3, and À2; and total body irradiation (2.5 Gy) twice a day on days À 2 and À 1. Methotrexate and tacrolimus were given for prophylaxis against graft-versus-host disease (GVHD). Neutrophil engraftment was documented on day 24 and full donor chimerism was observed after CBT; however, the number of CD4 + T cells did not go above 100/mL for 1 year after transplantation and CD4 + lymphocytopenia persisted for >7 years (Fig. 1) . Her IgG, IgM, and IgA were 835, 42, and 32 mg/dL, respectively, at day 35 after transplantation. Stimulation tests with phytohemagglutinin and concanavalin A showed low responses. Natural killer cell activity was in the normal range (24%) at day 75 after transplantation. She suffered from grade 1 acute GVHD, but chronic GVHD did not develop.
She developed cough and fever at the age of 7 (May 2007). Her hemoglobin level was 5.8 g/dL and reticulocytes showed 0.4%. A bone marrow aspiration showed hypoplastic marrow with poor erythroid elements. Specific IgM antibodies for B19 were positive. B19 DNA in a whole blood sample was 1.4 Â10 10 copies/mL. Underlying causes, such as thymoma, secondary cancer, drugs, and autoimmune disorders, were excluded. She received a 3-day course of intravenous immunoglobulin (400 mg/kg) daily for treatment of pure red cell aplasia. B19 viremia persisted, and the reticulocyte count did not improve, so she was treated repeatedly with 400 mg/ kg/d immunoglobulin every week; she did not receive any blood transfusions. In September 2008, she was transfused with activated CD4 + T lymphocytes (3.4Â10 7 /kg) that were prepared from her own mononuclear cells as described previously. 12 Her CD4 + cells were over 500/mL after infusion (Fig. 1) . Viremia improved slowly after weekly immunoglobulin treatment started, and this treatment was continued until January 2009 (Fig. 1) . In October 2009, her reticulocyte count and hemoglobin level were 0.5% and 9 g/dL, respectively, and her level of B19 DNA was 9.8Â 10 8 copies/mL. Weekly immunoglobulin treatment was restarted.
She had a fever and noticed multiple oral aphtha, which became increasingly severe in January 2010. Crohn disease was suspected due to a circumanal ulcer and a red papule on the dorsal surface of the left hand, which occurred in February 2010. Histopathologic examination of biopsy samples from the ulcer showed nonspecific inflammation and B19 DNA was detected (1.49Â 10 5 copy/mg) in the biopsy specimen. Oral aphtha, the circumanal ulcer, and fever improved in April 2010 without any specific treatment besides weekly immunoglobulin treatment. B19 DNA disappeared in June 2010.
RESULTS AND DISCUSSION
Cytomegalovirus, Epstein-Barr virus, and herpes simplex virus are common causes of posttransplantation viral infection, whereas infection with B19 virus is rare after hematopoietic stem cell transplantation. The incidence of primary or recurrent infection with B19 in patients after allogenic hematopoietic stem cell transplantation seems to be 1% to 2%. 13 Eid et al 5 investigated 98 cases of posttransplantation B19 infection, including 24 cases after hematopoietic stem cell transplantation. Anemia was observed in 98.8% of patients with B19 infection. Fever and flu-like manifestations occurred in 25.9% of patients and skin rash occurred in 13.3% of patients. B19 infection occurred between 1 week and 96 months after transplantation, with a 
median onset time of 1.8 months. Recurrence of B19 infection occurred in 23% of cases. In the present case, onset occurred 76 months after CBT, causing symptomatic persistent infection for >3 years. Repeated administration of immunoglobulin was effective and B19 DNA disappeared. However, anemia and B19 viremia may recur, because CD4 + lymphocytopenia has not been cured. B19 infection is known to cause persistent pure red-cell aplasia in immunocompromised patients in whom B19 virus-specific antibody production is insufficient. 2, 14 Previous reports have described persistent infection with B19 in patients with congenital immunodeficiency syndrome, 2 patients receiving cytotoxic chemotherapy or immunosuppressive drugs, 2 patients undergoing bone marrow transplantation 5, 6 or organ transplantation, 5 and patients with HIV infection. 4 In the present case, persistent CD4 + lymphocytopenia of unknown cause was present after transplantation, which likely caused the subsequent persistent B19 infection. CD4 deficiency has been shown to be present in HIV infection and idiopathic CD4 + lymphocytopenia, in which opportunistic infections can occur. Cryptococcus is one of the more common infections in patients with CD4 penia. 15 Zonios et al 16 reported that cryptococcal and nontuberculous mycobacterial infections were the major presenting opportunistic infections of idiopathic CD4 + lymphocytopenia in 33.3% (13/39) and 20.5% (8/39) of cases, respectively. Infections caused by cytomegalovirus, Epstein-Barr virus, human herpesvirus 8, human papillomavirus, JC virus, and varicella zoster virus were reported in a small number of cases. 16 The present case suffered from long-standing infections with B19, and this pathogen is rare in a patient with idiopathic CD4 + lymphocytopenia.
To our knowledge, this is the first report of idiopathic CD4 + lymphocytopenia after hematopoietic stem cell transplantation. The treatment of idiopathic CD4 + lymphocytopenia mainly consists of prophylaxis and treatment of opportunistic infections and attempts to increase CD4 + T-cell counts. Interleukin-2 therapy is an option to increase CD4 + counts along with other cytokines such as interferon-g and interleukin-7. 15 Hematopoietic stem cell transplantation may be another treatment option to restore CD4 + T-cell count and immune function in idiopathic CD4 + lymphocytopenia. 17 The present case is an unfavorable example of hematopoietic stem cell transplantation as a cause.
To characterize B19 in this patient, sequence analysis of the coding regions of 3 major B19 proteins, that is, NS1, VP1, and VP2, in blood samples was performed. Analyses at the first and the second peak of viremia (Fig. 1) revealed sequence variations at 6 positions in the NS1 area; 2 of them were nonsynonymous mutations, which altered the amino acid sequence of the protein (Table 1) . These changes may have influenced the protein structure and biological function of NS1, thus affecting the course of infection. NS1 protein is known to be cytotoxic and also autoregulates its own transcription, which may affect synthesis of NS1 protein. 18 In addition, changes in the NS1 protein structure may alter antigenicity and the recognition of humoral antibodies that confer resistance to immunoglobulin infusions. This patient received intravenous immunoglobulin for treatment of B19 infection, and these genetic changes may have been caused by selection of resistant clones, although direct evidence of this selection was not shown in the present study. Further studies are needed to clarify the effects that arise from amino acid changes. Although B19 is usually stable genetically, and mutations seldom occur during the course of infection, genetic drift of B19 in acquired immunodeficiency syndrome patients with CD4 lymphocytopenia has been reported. 1 Phylogenic analysis on the basis of the VP1 region, which was identical between the 2 different samples, revealed that this B19 virus was identified as genotype 1 (Fig. 2) , which usually causes acute and transient infection. 19 Servant et al 19 reported that most genotype 2 and 3 viruses were isolated in patients older than those infected with genotype 1 virus, frequently in association with immunodeficiency. They hypothesized that adult patients with impaired immunity, who are likely to have experienced a previous genotype 1 virus infection, might be reinfected by a genotype 2 or 3 virus. However, the current patient had no blood transfusions and had been kept in the hospital, suggesting that superinfection of another B19 was not likely. B19 infections are ubiquitous and can cause an asymptomatic infection including a mild respiratory tract illness with no rash. The index case is generally unrecognized in nosocomial infections. 20 Therefore, identification of the source of B19 infection is usually difficult.
In this case report, idiopathic CD4 + lymphocytopenia was unexpectedly observed after CBT, and infections with B19 persisted for several years. The resulting changes of the NS1 during persist infection may have altered antigenicity of the virus and could have played a role in the pathogenesis of persistent B19 infection under CD4 + lymphocytopenia.
